138   THE INTERNAL COMBUSTION ENGINE [chaip.   v
of inertia-lag is felt even in the best of the pencil-indicators.
At such speeds the piston has not time to get itself and the rods
fastened to it into a position corresponding to that due to a>
steady pressure equal in amount to the momentary gas pressure,
and the resulting diagram is therefore incorrect. Moreover,
as the engine speed approaches the free-period of the moving
parts of the indicator, the latter tends to vibrate sympathetic-
ally, and the lines drawn are wavy, as shown in Fig. 42.
91. Estimating indicated from Brake Horse-Power.—Apa,rt
from difficulties with indicators at high speeds, it is far from
easy to count accurately the numlber of explosions and *fco
ensure that the " card " shows an average explosion. It is
not unusual, therefore, to measure I.H.P. by adding to i^lie
B.H.P. figure the B.H.P. necessary to rotate the engine light ;
this assumes that the mechanical loss is constant at all loads.
Professor Hopkinson has carried out a complete series of tests,
using the reflecting type of indicator already mentioned/ to
elucidate this point. He found that " the difference between
indicated horse-power and brake horse-power is ratJher less
than the horse-power at no load under the same conditions of
lubrication, mainly because of the difference in the power
absorbed in pumping. In the particular engine tested, tlie
error from this cause in obtaining the indicated power would
amount to about 5 per cent. The friction is substantially con-
stant from no load to full load, provided that the temperature
of the cylinder walls is kept the same, but the influence of
temperature is very great."
Eicardo * has given the following analysis of engine friction
applicable to an average high speed engine and expressed $ts
back pressure on the piston:—
Bearings   ....    0-75 to 1-00 Ib. per sq. inch.
Valve Gear       .        .         .    0-75  „  0-80
Magneto   ....    0-05  „  0-10      „	„
OH Pump	.         .         .    0-15  „  0-25      „
Water Pump    .        .        .    0-30  „  0-50      „	„
2-00 to 2-65      „	„
The piston friction is commonly 5 to 10 Ib. per sq. inch.
* NJBL Coast last, of E. & S., 1918.

